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ARSTRACT 
Objective: To determine the molecular epidemiology of tuber- 
culosis isolated from patients cared for at eight hospitals scat- 
tered throughout New York City. 
Materials and Methods: Cases of tuberculosis occurring in 
1996 and 1997 at collaborating hospitals were identified, and 
demographic data were extracted from patient charts. All avail- 
able isolates were analyzed by IS67 70 for genetic relatedness. 
The molecular fingerprints were compared both to each other 
and to the larger repository of strains from New York City devel- 
oped and maintained at the Public Health Research Institute. 
Results: One hundred and eighty cases were fully character- 
ized. Compared with New York City cases, study patients were 
more likely to be Asian and less likely to be non-Hispanic 
blacks. Overall, 97 (54%) of the cases were clustered with 
respect to other study strains or with respect to the other New 
York City isolates. Clustered strains were significantly more 
likely to be from non-Hispanic blacks or patients born in the 
United States. The largest cluster (n = 17) was the ‘VI” strain 
previously associated with an outbreak of multidrug-resistant 
tuberculosis in New York City. In the current study, the major- 
ity of W strain isolates were fully drug-susceptible, 
Conc/usions: High rates of genetically related tuberculosis 
continue to occur among patients in New York City, in spite 
of improved control of nosocomial outbreaks and dramatic 
decreases in the overall case rates. The use of molecular 
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techniques to suggest patterns of transmission has become 
essential in developing and assessing routine tuberculosis 
control strategies. 
Key Words: molecular epidemiology; New York, patterns of 
transmission, tuberculosis 
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Over the past several years, molecular fingerprinting of 
Mycobacterium tuberculosis has been used to study 
transmission patterns in nosocomial and community out- 
breaks in New York City, San Francisco, and other urban 
settings in the United States and abroad.‘-l9 This approach 
has yielded important insights into the epidemiology of 
the now-resolved tuberculosis resurgence and has helped 
guide tuberculosis control measures.G~zo~21 Many of these 
studies have been based upon the prevalence of clus- 
tered isolates at a given time. However, few studies have 
examined the changes over time in the distribution of 
M. tuberculosis isolates in a population. 
The current study examines the molecular epidemi- 
ology of tuberculosis at eight New York City hospitals 
and compares these results with those of a study con- 
ducted by the same surveillance group.‘O The authors 
sought to determine longitudinal trends in the molecu- 
lar epidemiology in NewYork City, which historically has 
had the highest rate of tuberculosis in the country. 
MATERIALS AND METHODS 
Population 
Patients were identified from an active hospital-based sur- 
veillance system, TBNetwork,5~10~13~15 comprised of eight 
institutions located in four of New York City’s five bor- 
oughs (Manhattan, 3 hospitals; Bronx, 2; Queens, 2; Brook- 
lyn, 1). Hospitals include academic medical centers, 
community hospitals, and a Veteran’s Administration hos- 
pital. A case was defined as a person with culturecon- 
firmed tuberculosis identified from specimens obtained 
by institutions’ microbiology laboratories between Janu- 
ary 1,1996, and December 31, 1997. Demographic and 
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clinical characteristics were extracted from medical 
records only if patients’ M. tuberculosis isolates were 
available for genotypic classification. 
Bacterial Isolates 
All available M. tuberculosis isolates were obtained on 
Lowenstein-Jensen slants from the microbiology labora- 
tories of the participating institutions. Pertinent laboratory 
information about isolates (acid-fast smear results, drug 
susceptibility patterns, and dates of isolation) was 
obtained from laboratory records. Isolates were classified 
as resistant if laboratory records indicated resistance to 
any combination of one or more antitubercular agents. 
Tuberculosis isolates were classified as multidrug resis- 
tant (MDR TB) if records indicated resistance to at least 
isoniazid and rifampin. 
DNA Fingerprinting and Analysis 
The ISGlZObased strain-typing procedure is a standard- 
ized method for distinguishing and classifying M. tuber- 
culosis isolates by genetic fingerprint patterns. This 
method has been described elsewhere.** Fingerprint typ 
ing was conducted at the Public Health Research Institute 
(PHRI) TB Center, which has characterized over 4500 M. 
tuberculosis isolates from New York City with this 
method since 1992. This technique for DNA fingerprint- 
ing produces distinct electrophoretic banding patterns 
based on the differences in position and copy numbers 
of the 1S6ll0 insertion sequence in the chromosome of 
M. tuberculosis. These hybridization images were com- 
pared on a Sun Sparc5 Workstation, using the Bio Image 
Whole Band Analyzer software version 3.4 (Millipore 
Corporations Imaging Systems, Ann Arbor, MI). 
Definition of Clusters and Nomenclature 
The standard methodology was used to classify iso- 
lates.2.‘2a22 An isolate was considered to be part of a clus- 
ter if its IS61 10 fingerprint matched one from a different 
patient in a TBNetwork hospital from the 1996-1997 
study period (n = 180) (TBNetwork cluster), or if it 
matched an isolate already archived in the Public Health 
Research Institute fingerprint library of 4500 strains (City 
cluster). Isolates with identical banding patterns were 
assigned the same arbitrary letter code (for example AH, 
C, W), to indicate that more than one tuberculosis case 
was caused by the same strain. Isolates with unique fin- 
gerprints were designated as 001 to distinguish them as 
nonclustered. 
Identification of the W and N Variants 
Using the Bio Image Whole Band Analyzer software, two 
groups of banding patterns were identified that closely 
resembled DNA fingerprints previously catalogued at the 
PHRI TB Center. Fingerprints of these groups were iden- 
tified by their high number of bands (more than 16) and 
slight deviations from the fmgerprints of the W and N 
strains. A standardized protocol was employed to verify 
that these variants belonged to the W and N cluster fam- 
ilies.2’,24 This method (insertion site mapping) targets a 
copy of IS61 I0 in a specific chromosomal sequence that 
has been identified by sequencing the genome of M. 
tuberculosis. The detection of IS61 10 within two differ- 
ent segments of the bacterial chromosome has been 
shown to be unique for the W and N variants, respec- 
tively.23,24 Fourteen banding patterns resembling the W 
strain, and five that closely resembled the N strain were 
identified and subjected to insertion site mapping. 
Data Analysis 
Institutional Review Board (IRB) approval was obtained 
from each collaborating hospital, and a standardized ques- 
tionnaire was used to extract demographic and clinical 
information from the medical records of each patient. 
DNA fingerprint patterns of the M. tuberculosis isolates 
were used to distinguish clustered and nonclustered iso- 
late groups, which were then compared with demo- 
graphic and clinical characteristics of source patients. 
Data entry and univariate analyses were conducted using 
Epi Info (Version 6, Centers for Disease Control and Pre- 
vention, Atlanta, GA). Chi-squared, two-tailed Fisher’s 
exact, and Student’s t-tests were used as appropriate. Vari- 
ables found to be significantly associated with cluster 
restriction fragment length polymorphism (RFLP) pat- 
terns by the univariate tests were further analyzed in a 
logistic regression modelz5 
RESULTS 
‘Ihberculosis at TBNetwork Hospitals, 1996-1997 
The eight TBNetwork hospitals reported 178 culture-pos- 
itive cases of tuberculosis in 1997, representing about 
13% of the total culture-positive cases in New York City 
for 1997 (1401 culture-positive cases). Complete medical 
chart information and M. tubercuZosis isolates were avail- 
able for 180 cases identified in the study period, which 
included the latter part of 1996, as well as all of 1997. 
Other isolates had either been discarded by institutional 
laboratory personnel or were not viable for genotypic 
analysis. 
Of the 180 cases, 114 (63%) occurred in men, 85 
(47%) in the foreign-born, 27 (15%) among whites, and 50 
(28%) in persons who were infected with human 
immunodeficiency virus (HIV). Compared with cases in 
New York City from 1997,26 a significantly higher pro- 
portion of TBNetwork cases occurred among Asians and 
a lower proportion among non-Hispanic blacks (Table 1). 
In addition, fewer TBNetwork cases derived from the bor- 
ough of Brooklyn. 
128 International Journal of Infectious Diseases / Volume 5, Number 3,200l 
Table 1. Demographic Characteristics of TBNetwork Cases of 
Tuberculosis (1996-l 997) versus Cases of Tuberculosis 
in New York City (1997) 
Cases of Tuberculosis 
Parameter 
EWletwork, New York City, 
1996-97 1997 
n= 78O(%,J n = 1730 P-Value* 
Gender 
Male 
Female 
Race/ethnicity+ 
Asian 
Black 
Hispanic 
White 
Borough+ 
Brooklyn 
Bronx 
Manhattan 
Other/Staten Island 
Queens 
Birthplacet 
U.S. 
Foreign 
Unknown 
HIV Status* 
Positive 
Negative 
Unknown 
Drug sensitivity 
Multidrug resistant 
Resistant 
Sensitive 
I 14 (63) 
66 (37) 
48 (27) 
58 (32) 
47 (27) 
27 (15) 
26 (14) 
50 (28) 
46 (26) 
14 (7) 
44 (24) 
60 (33) 
a5 (47) 
35 (19) 
50 (28) 
53 (29) 
77 (43) 
14 (8) 
9 (5) 
I 57 (87) 
61% 
39% 
20% 0.02 
42% 0.01 
28% 0.83 
11% 0.11 
25% 
24% 
30% 
1% 
20% 
0.63 
<O.OOl 
0.26 
0.28 
<O.OOl 
0.22 
0.09 
47% 
51% 
2% 
<O.Oi 
26% 
48% 
26% 
4% 
12% 
84% 
<O.OOl 5 
0.26” 
*Based on chi-squared test. 
+P-values are for the comparison of the composition of each race/ethnicity and 
borough in the TBNetwork versus New York City cases. 
fUnkown human immunodeficiency virus (HIV) status and unknown birthplace 
not included in P-value. 
§P-value comparing proportion of multidrug resistance (at least isoniazid and 
rifampin resistance) versus any resistance. 
IP-value comparing percentage of isolates that were sensitive during the two 
time periods. 
Genotypic Analysis of Isolates and Banding Patterns 
in TBNetwork and New York City 
DNA fingerprinting of M. tuberculosis isolates indicated 
that 97 (54%) of the 180 isolates were distributed into 
one of three groups according to banding patterns: (1) 
those represented more than once among the 180 TBNet- 
work strains (TBNetwork cluster), (2) those represented 
more than once in the reference PHRI fingerprint archive 
(City cluster), or (3) those classified as an N or W vari- 
ant based upon further laboratory assessment (Figure 1). 
Eighty-three (46%) of the 180 isolates did not meet the 
criteria for classification as cluster isolates and were cat- 
egorized as nonclustered. 
TBNetwork Cluster 
Thirty-eight (39%) of 97 clustered isolates met criteria 
for cluster isolates as a TBNetwork cluster and, therefore, 
for a City cluster as well. The largest clusters were the H 
and C strains, with 12 and 6 members, respectively. Two 
clustered strains, BA5 and BF, had three members. Nine 
clusters of two members each were identified. Table 2 
compares the most common cluster groupings in the cur- 
rent study with a previous TBNetwork study of similar 
design spanning 1992 to 1994.” Of note, the prevalence 
of the C strain, which previously had been the most com- 
mon fingerprint (10%) had decreased to about 3% of iso- 
lates in the current study. 
New York CZty Cluster (PHRI Reference Data Base) 
Thirty-seven (38%) of 97 isolates classified as clustered iso- 
lates had unique patterns in the study data set of 180 yet 
were found in the PHRI reference database (City clus- 
ter). The fingerprint patterns and the years in which they 
were identified are shown in Table 3. 
Wand N Band Variants 
Twenty-two strains (23%) were categorized as W or N 
variants (see Figure 1). Eleven of the 14 W variants were 
found only in the PHRI TB Center archive. Insertion site 
mapping confirmed the genetic relatedness to the W 
strain of the 11 unique W variants and 3 previously iden- 
tified W variants. Only one of the eight N variants was 
found in the PHRI TB Center archive. All eight were sub- 
jected to insertion site mapping, which demonstrated 
their genetic relatedness. Based upon these laboratory 
data, these isolates were considered to be cluster isolates. 
Clustered versus Nonclustered Isolates 
A comparison of clustered (n = 97) versus nonclustered 
(n = 83) strains according to demographic, clinical, and 
I TBNehvork, 1996-97 (n=190) 
I 
38 TBNetwork 
Intra-(TBNeWork cluster) 
BM (3) 
6 N variants 14 w variants 
BE1 (2) 
BE3 (2) 
t 
BF (3) 
c (6) 
E9 (2) 
H(12) 
KB (2) 
v (2) 
v2 (2) 
WI (2) 
I 
37 lIngerprint patterns 
unique within TBNelwork 
and cluslered withm reference 
database (PHRI) (City cluster) 
(seeTable 3) 
Figure 1, Isolate fingerprint pattern schema showing classification of 
180 study isolates. 
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Table 2. Four Common IS61 lo-Based Cluster Patterns: Current 
Study versus Previous TBNetwork Survey 
TBNetwork Survey 
1996-97 1992-94 
Fingerprint n= 180(%) n = 167(0/o) 
AH strain 3 (3) N/A 
C strain 6 (3) 17 (10) 
H strain 12 (12) 4 (2) 
N strain 8* (8) 3 (2) 
*Includes strain variants. 
microbiologic characteristics is shown in Table 4. Clus- 
tered strains were significantly more likely to be isolated 
from patients who were non-Hispanic black or U.S.-born. 
The variables found to be significantly associated 
with cluster fingerprint patterns were further examined 
in a logistic regression model. When HIV status and coun- 
try of birth were included in the model, each remained 
significantly associated with cluster strains (P = 0.02 and 
Table 3. Unique Cluster Fingerprints in TBNetwork 1996-l 997 
Database and Year of Occurrence in Reference Archive 
finger- 1 Year of Fingerprint Appearance in Reference Archive’ 
print 1992 1993 7994 7995 1996 1997 
(n = 37) (n = 446) (n = 325) (n = 1359) (n = 536) (n = 979) (n = 1202) 
AB 
AE 
AF 
AH 
AH1 
Al 
All 
AS 
BA4 
BE 
BJI 
BJIO 
Cl 
Cl0 
Cl1 
DU 
ED2 
Eli 
G 
GK 
HJ 
HQl 
HT 
I 
IE 
IL 
IN 
IP3 
IY 
J 
JB 
JR 
JS 
JT 
P 
QI 
w 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
:: 
X 
X 
*Public Health Research Institute (PHRI). 
1 2 3 4 5 6 7 
Figure 2. Fingerprint patterns of selected M. tuberculosis isolates 
from New York City. Lanes 2 and 3 demonstrate the C and H strains, 
respectively. Lanes 4 to 7 identify the Wl strain and three pan-sus- 
ceptible W variants. 
P = 0.05, respectively). With HIV status and race (non-His- 
panic black vs. others) in the model, only the latter 
remained significantly associated (P = 0.33 and P = 0.002, 
respectively). With the variables race and birthplace in the 
model, the association of race with cluster strains was 
no longer apparent, whereas birthplace remained signif- 
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Table 4. Patient Demographic and Clinical Characteristics 
according to IS67 l&Based Fingerprint Patterns of 
M. tuberculosis Isolates* 
Cluster Noncluster 
Patterns Patterns 
Parameter n=97(%) n = 83 (%) P-Value+ 
Age 0.67 
(y, mean 2 STD) 45.6 2 17.0 50.6 ?I 18.3 
Gender 0.76 
Male 60 (62) 54 (65) 
Female 37 (38) 29 (35) 
Race* 
Asian 20 (21) 28 (34) 0.06 
Black 41 (42) 17 (20) 0.01 
Hispanic 21 (22) 26 (31) 0.17 
White 15 (15) 12 (15) 0.99 
Borought 
Brooklyn 15 (15) 11 (13) 0.83 
Bronx 33 (34) 17 (20) 0.05 
Manhattan 18 (19) 28 (34) 0.03 
Queens 23 (24) 21 (26) 0.86 
Other 8 (8) 6 (7) 0.99 
Birthplace5 0.01 
U.S. 39 (40) 21 (26) 
Foreign 34 (35) 51 (61) 
Unknown 24 (25) 11 (13) 
HIV status5 0.07 
Positive 34 (35) 16 (19) 
Negative 26 (27) 27 (33) 
Unknown 37 (38) 40 (52) 
Drug sensitivity 0.51 
Resistant 14 (14) 901) 
Sensitive 83 (86) 74 (89) 
History of T@ 0.65 
Yes 16 (16) 9Ul) 
No 50 (52) 38 (46) 
Unknown 31 (32) 36 (43) 
*All data are presented as number (pecentage) except mean age. 
‘Based on two-tailed Fisher’s exact test and chi-squared test. 
*P-values for comparison of each race and borough group with all other race 
and borough groups. 
Wnknown row not included in P-value. 
icant (P = 0.045). When the three variables HN, race, and 
birthplace were simultaneously included in the model, 
none of the variables remained significantly associated. 
The odds ratio for infection with a cluster strain was high- 
est for a patient who was HIV-infected and U.S.-born (OR 
= 8.59; 95% CI = 2.1-34.5). 
The largest cluster (n = 17) was the heterogeneous 
group categorized as the W strain and its variants (Figure 
2, lanes 4, 5, 6, and 7). These isolates were grouped 
together based on their 1S6llO hybridizing patterns as 
well as insertion site mapping data. Two multidrug-resis- 
tant isolates from three patients, W and Wl, differed by 
only one band and appeared related to the W strain impli- 
cated in the New York City outbreak of the 1980s and 
early 1990s. l2 The remaining 13 isolates were drug-sus- 
ceptible. Univariate analysis comparing source patients 
infected with a susceptible W strain variant (n = 13) and 
the remaining 84 cluster patients indicated that patients 
with significant relative risk for infection with a pan- 
susceptible W variant were more likely to be over 50 
years of age (RR = 2.0; P < 0.05), Asian (RR = 5.3; P < 
0.0005), and foreign-born (RR = 3.13; P < 0.05). 
DISCUSSION 
Fifty-four percent of M. tuberculosis cases treated at eight 
institutions in New York City during 1996 and 1997 fit the 
study definition for cluster strain isolates. None of the 
hospitals had a recognized tuberculosis outbreak during 
the study interval. The proportion of clustering in this 
study was only slightly less than the 60% found for New 
York City in a 1997 point, cross-sectional study 
(Kreiswirth BN. Unpublished data). 
Similar to previous molecular epidemiologic studies 
conducted by TBNetwork,5~10~13~15 this study’s demo- 
graphic composition of tuberculosis cases resembled that 
of New York City,26 except for a higher proportion of 
Asian-born patients and fewer non-Hispanic blacks. This 
difference may have influenced results in that Asian-born 
patients had a significantly lower proportion of cluster 
isolates compared with non-Asian TBNetwork patients 
(10 (42%) of 48 vs. 77 (58%) of 132; P = 0.047). Thus, the 
prevalence of clustering in New York City overall may 
have been underestimated. 
Determining trends over time in the proportion of 
clustered isolates is crucial for tracking the effective- 
ness of various TB control programs. A decreasing rate 
of clustered isolates, suggesting less ongoing transmis- 
sion, would suggest improved TB control, whereas ris- 
ing rates of TB from clustered strains might suggest the 
failure of control methods. The authors previously 
demonstrated a 40% rate of clustering among TBNet- 
work hospitals during 1992 to 1994, when overall rates 
of TB in New York City were significantly higher.‘O The 
increase in the proportion of clustered isolates, from 
40% to 54%, might, therefore, be viewed by some as 
suggesting a failure of TB control methods during the 
interval. 
An alternative explanation, which the authors favor, 
is that the comparison archive has expanded significantly, 
growing from about 1000 isolates in the 1992 to 1994 
study to over 4500 in the current study, thereby intro- 
ducing a significant bias into the interpretation of the 
data that strongly favors increased rates of clustering. All 
longitudinal databases predictably will have this prob- 
lem, requiring investigators to interpret their findings 
with extreme caution. 
To allow the most careful interpretation of the data, 
clustered isolates were subgrouped into three groups in 
the present study: TBNetwork cluster, City cluster, and 
those related to evolutionary changes in the genotype 
itself (W and N strains). The aggregate rate of clustered 
isolates (54%) is a credible estimate. As noted, it is com- 
parable to a 1997 point prevalence survey of New York 
City (60%). In addition, as shown in Table 3, the 37 City 
cluster isolates had numerous matches in recent years, 
including 28 in 1997 alone, suggesting these strains were 
actively being transmitted in New York City during the 
study period. 
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The expansion of the reference pool is occurring in 
parallel with changes in the epidemiology of TB in New 
York City, to reflect international, not local, disease strains. 
Thus, the first lessons learned from the various molecu- 
lar epidemiologic studies, that acute disease was signti- 
cantly more common than previously held, may yield to 
additional new observations. Once large enough, archives 
comprised of both American and international isolates 
may elucidate patterns of transmission on an international 
scale. Given the changing epidemiology of TB in the 
United States, with an increasing proportion of interna- 
tional cases, this may allow more focused global control 
strategies. 
Prospective molecular epidemiology beyond DNA 
fingerprinting will be necessary to reveal the transmission 
and evolution of tuberculosis in the urban setting. New 
York City’s sign&cant increase in foreign-born tubercu- 
losis patients will likely continue, and changing interac- 
tions between multiple generations of immigrant 
communities and other segments of American society 
may likely result in complicated patterns of tuberculosis 
transmission among these diverse groups.5x’5 Cluster pat- 
terns will increasingly be identified from patients with 
remote infection, requiring a more exact means of iden- 
tifying the chronology of the infection. 
In addition, variants such as the multiple W variants 
found in this study will complicate strain classification 
further by challenging the distinction between strains 
and their divergent variants. Additional and complemen- 
tary molecular subtyping methods may provide a critical 
tool for progressively classifying variant strains, as was 
attempted in the present study Finally, all of these devel- 
opments will lead to the increasing identification of clus- 
ter patterns from patients with remote, rather than recent, 
infection; thus, a more precise means of determining 
when initial infection occurred will be crucial for estab- 
lishing transmission patterns. Indeed, what may finally 
bedevil the enterprise of molecular epidemiology to 
assess community trends is the very problem that has 
bedeviled other studies aimed at establishing rates and 
routes of TB transmission: the variable time between pri- 
mary infection and development of active disease. 
There are several additional study limitations. Isolates 
with identical genetic fingerprints could be composed 
of multiple subtypes that were not distinguished by mul- 
tiple secondary genotyping techniques. The use of probes 
other than IS6110 has been shown to differentiate iso- 
lates with identical IS6110 banding patterns. These 
include spoligotyping, variable number of tandem repeats 
(VNTR), and polymorphic GC-rich repetitive sequence 
(PGRS).” The present study may overestimate the pro- 
portion of cluster isolates by not employing secondary 
probes. *’ In addition, the structure of TBNetwork sur- 
veillance precludes establishing epidemiologic links 
among those patients with genetically related isolates. 
Such an approach often serves to firmly demonstrate clin- 
ical, as well as genetic, relatedness. 
The sample size (n = 180) is about one-half of the 
cases of M. tuberculosis at the participating institutions 
during the study period. Isolates were available in a ran- 
dom fashion and thus no bias to the analysis or conclu- 
sions of the study should have been introduced. The most 
common reason that isolates were unavailable was that 
certain investigators discarded them during the hiatus 
(1994- 1996) when TBNetwork was inactive. 
A consistent pattern of TB transmission in New York 
City from 1992 to 1997 has been demonstrated, using 
molecular epidemiologic techniques. The earlier analy- 
sis conducted by TBNetwork from the years 1992 to 
1994 identified U.S. birth, HIV-seropositivity, and non- 
Hispanic black race as significantly associated with clus- 
ter isolates, similar to the current study (see Table 4). 
Thus, despite the enormous accomplishments of New 
York City’s antituberculosis programs and the increase 
in cases among the foreign-born, the same populations 
remain vulnerable to recent transmission of tuberculo- 
sis. As the molecular epidemiology evolves alongside 
the immigration patterns discussed here, the public 
health of New York City’s most vulnerable populations 
will continue to require significant attention to treat 
and prevent tuberculosis. 
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